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(54) Optical attenuator 

(57) A polarization beam splitter combiner uses a 
birefringent crystal that is a fraction of the size of con- 
ventional crystals used in similar devices. Since the 
crystal is considerably shorter in length, the beam pass- 
ing through the crystal can be uncollimated, spreading 
very little from one end to the other. Launching uncolli- 
mated beams through a short small crystal obviates the 
requirement for lenses at the end face of the crystal hav- 



ing two waveguides coupled thereto. Since lenses are 
not required the waveguides at the input/output end 
face can be very closely spaced apart. Conventional 
lensed devices utilizing a pair of lenses at an input/out- 
put end face must be considerably larger in order to 
accommodate the lenses and resulting collimated 
beams. 
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Description 

Field of the Invention 

[0001] This invention relates to an optical attenuator 
for control I ably attenuating optical signals. 

Background of the Invention 

[0002] Many optical attenuators are known in the art 
Some of these, use polarizing beam-splitters also 
known in the art, each having disadvantages. Further- 
more, attenuators utilizing beam splitting to split an 
incoming beam into two polarized beams, have required 
one beam splitter to split an incoming beam into two 
orthogonally polarized beams, and one substantially 
identical beam splitter to combine the polarized beams 
into a single beam of light. Providing a matched pair of 
crystals can be challenging and is costly. 
[0003] The Glan-Thompson polarizer, which is a block 
of birefrihgent material cut into prisms and then 
cemented together acts by reflecting one polarization 
component at the cement interface and by transmitting., 
the other. The device requires a considerable amount of 
birefringent material, generally calcite. which is scarce 
and expensive, and is unable to work with high powered 
lasers and ultraviolet light, since the light destroys or 
clouds cement Furthermore, this beam-splitter, which 
makes use of the reflected polarization component, suf- 
fers from the added disadvantage that polarized beams 
exit the device at inconvenient angles, for example 45 
degrees, when it is often useful that beams are parallel, 
orthogonal or otherwise oriented. 
[0004] The Glan-Taylor polarizer which is similar to the 
Glan-Thompson polarizer but uses an air space instead 
of cement to separate polarization components can 
work with many light sources but suffers from reflection 
loss and ghosting caused by the air gap. 
[0005] The Wollaston, Rochon and Senarmont beam- 
splitters, which separates polarization components by 
transmitting the components through an interface, per- 
mit optical contacting for use with most light sources, 
but produce beams which also exit at inconvenient 
angles, with one or both polarization components suf- 
fering from chromatism and distortion. 
[0006] The double refracting element (beam dis- 
placer), which produces parallel polarized beams of 
light achieves small beam separation and limited field. 
Also, since the beams may pass through a considerable 
amount of material before achieving useful separation, 
wavefront distortion can occur in the extraordinary 
beam due to imperfections in the crystal's structure. 
(See for example, "Birefringence of Quartz and Calcite," 
Journal of the Optical Society of America, volume 49. 
No. 7, Jul. 1959. pages 710-712.) Beam separation can 
be further limited by the small size and high cost of suit- 
able crystals. Notwithstanding, it is an object of the 
invention to overcome some of these limitations while 



using a beam displacing crystal. 
[0007] Polarizing prisms and their various defects are 
described in detail by Bennett and Bennett, "Polariza- 
tion," Handbook of Optics, Driscoll and Vaughan, eda, 

5 McGraw-Hill, 1978. 

[0008] United States Patent number 5,727,109 incor- 
porated herein by reference, in the name of E-tek 
Dynamics discloses an Optical Attenuator having two 
lenses, two crystals and a liquid crystal cell for varying 

10 the polarization of optical beams passing therethrough. 
Although this device may perform its intended function, 
there are several drawbacks to this design. For exam- 
ple, it requires the provision of two substantially thick 
optical crystals to accommodate a colli mated beam pro- 
fs vided by a collimating lens. Since these crystals must 
be large in order to accommodate and separate a colli- 
mated beam, their cost is quite significant. Furthermore, 
This device requires a pair of crystals, yet further adding 
to the cost of the device. And still further, care must be 

20 taken to provide substantially matched crystals, adding, 
further to the cost of manufacture of this device. And yet 
another drawback of this design is its size, which is 
larger than would be preferred by same. 
[0009] The present invention obviates most or all of 

25 these disadvantages and results in a small relatively 
inexpensive optical attenuator. 
[001 0] It is an object of this invention, to provide, in a 
first embodiment a polarization beam splitter that obvi- 
ates most of the above mentioned disadvantages of 

30 prior art devices, and an optical attenuator that is less 
complex and less costly to manufacture; it is yet a fur- 
ther object to provide in one embodiment, a device hav- 
ing as its core element a birefringent crystal that is 
considerably less costly to manufacture than commer- 

35 daily available birefringent crystal based devices. 
[001 1 ] It is yet a further object of the invention to pro- 
vide a polarization beam splitter that requires a much 
smaller crystal than conventional commercially availa- 
ble devices that utilized a same type of beam shifting 

40 crystal. 

[001 2] It is a primary object of this invention to provide 
an optical attenuator that only requires a single split- 
ting/combining optical element for splitting an optical 
beam incident thereon, into two substantially orthogo- 
45 nally polarized beams and for combining the beams into 
a single beam 

[001 3] It is yet a further object of the invention to pro- 
vide an optical attenuator that has a reflective folded 
configuration. 

50 

Summary of the Invention 

[001 4] In accordance with this invention, there is pro- 
vided, an optical attenuator comprising: 

55 

an input optical waveguide and an output optical 
waveguide, ends of the waveguides being optically 
aligned such that at least a portion of light launched 
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into the input waveguide is directed to the output 
waveguide; 

a deflecting element for deflecting light incident 
thereon that has been launched into the input 
waveguide in a substantially opposite direction 5 
toward the output waveguide; 
a birefringent crystal disposed between the deflect- 
ing element and the input and output waveguides 
for splitting an input beam into a first beam of a first 
polarization and a second beam of a second 10 
orthogonal polarization; 

controllable polarization rotator for selectively rotat- 
ing the polarization of light passing therethrough; 
and, 

lens means disposed between the optical is 
waveguides and the deflecting means. 

[001 5] In accordance with the invention, optical atten- 
uator is provided comprising: 

so 

an input waveguide and an output waveguide; 
a lens having a substantially collimating end face 
and a substantially focusing end face; 
a birefringent crystal coupled with the lens for sep- 
arating or combining orthogonal polarized beams of 25 
light; 

a deflector forjjirecting an incident beam launched 
into the input waveguide toward the output 
waveguide, the input and output waveguides adja- 
cent the lens for launching light to the lens or for 30 
receiving light from the lens, the waveguides each 
having ends separated a nearest end of the lens by 
an optical distance of approximately d 1f an optical 
distance between the substantially collimating end 
face of the lens and the deflector being d1 , wherein 35 
d-i > 0; and, 

a polarization rotator disposed between the birefrin- 
gent crystal and the deflector for rotating the polari- 
zation of light passing therethrough. 

40 

[0016] In accordance with the invention, an optical 
attenuator is provided comprising: 

an input port and an output port at a first end of the 
device; 45 
a lens having a substantially collimating end face 
and a substantially focusing end face; 
a birefringent crystal coupled with the lens for sep- 
arating or combining orthogonal polarized beams of 
light, the birefringent crystal being disposed adja- so 
cent to the input and output ports to receive uncolli- 
mated light from the input port; 
a deflector for directing an incident beam launched 
into the input waveguide toward the output port, the 
input and output ports adjacent the lens tor launch- ss 
ing light to the lens or for receiving light from the 
lens, the ports separated a nearest end of the lens 
by an optical distance of approximately d 1 . an opti- 



cal distance between the substantially collimating 
end face of the lens and the deflector being dl. 
wherein ^ > 0; and, 

a polarization rotator disposed between the birefrin- 
gent crystal and the reflective surface, for rotating 
the polarization of light passing therethrough. 

[0017] Advantageously, this invention provides a 
structure that requires a substantially smaller (approxi- 
mately 1/50 m the size of) birefringent crystal than is 
required in most commercially available devices of a 
similar design utilizing birefringent beam shifting crys- 
tals. 

Brief Description of the Drawings 

[0018] Exemplary embodiments of the invention will 
now be described in conjunction with the drawings, in 
which: 

Fig. 1 is a top view of a prior art polarization beam 
splitter; 

Fig. 2 is a top view of polarization beam splitter that 
is not functional due to its short crystal length; 
Fig. 3a is a top view of a polarization beam splitter 
in accordance with an embodiment of the invention 
wherein uncollimated light is launched through a 
birefringent crystal. 

Fig. 3b is a side view of a prior art, substantially 
quarter-pitch GRIN lens; 

Fig. 3c is a top view of a polarization beam splitter 
as is shown in Fig. 3a having a single GRIN lens; 
Fig. 3d is a top view of an alternative embodiment 
of a polarization beam splitter in accordance with 
the invention wherein two crystals and two lenses 
are used to minimize a beam diameter propagating 
through the lenses and to enhance the coupling of 
light between ports; 

Fig. 4a is a side view of a prior art arrangement of a 
pair ol back to back quarter pitch GRIN lenses hav- 
ing input/output waveguides positioned along the 
optical axes of the lenses; 
Fig. 4b is a side view of a prior art arrangement of a 
pair of back to back quarter pitch GRIN lenses hav- 
ing input/output waveguides positioned offset from 
the optical axes of the (enses; 
Fig. 4c is a side view of a prior art arrangement of a 
pair ol back to back quarter pitch GRIN lenses hav- 
ing input/output waveguides positioned offset from 
the optical axes of the lenses; 
Fig. 4d is a side view of an arrangement of a pair of 
back to back spaced GRIN lenses having input/out- 
put waveguides positioned offset from, the optical 
axes of the lenses; 

Rg. 4e is a side view of an arrangement of a pair of 
back to back GRIN tenses having input and output 
waveguides spaced from the lenses; 
Rg. 4f is a side view of an arrangement of a pair of 
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back to back spaced GRIN lenses having input/out- 
put waveguides positioned offset from the optical 
axes of the lenses in accordance with this invention. 
Fig. 5 is an embodiment of an optical attenuator in 
accordance with the invention wherein a comer 
cube is used to provide a folded configuration; 
Fig. 6 is an alternative embodiment of an optical 
attenuator similar to that shown in Fig. 5, however 
having two lenses at the input/output end; and, 
Fig. 7 is an alternative embodiment in accordance 
with the invention, wherein a mirror is used as a 
reflective element 

Fig. 8 is an embodiment of an optical attenuator, in 
accordance with this invention wherein an uncolli- 
mated beam is passed through a small birefringent 
crystal, and wherein a mirror is used to provide a 
folded configuration; 

Figs. 9, 10, and 1 1 are views of a prior art optical 
attenuator; 

Detailed Description 

[0019] Fig. 1 depicts a well known polarization beam 
splitter/coupler design, wherein a birefringent crystal 10 
such as a calcrte crystal is disposed adjacent three 
quarter pitch focusing/collimating graded index lenses, 
12a and 12b at a first end face and 12c at an opposite 
end face of the crystal disposed to receive light from the 
other two lenses. It is noted in Fig. 1, that the beam 
widths 14a, 14b at an end face of one of the lenses 
denoted by a heavy black line at the lens-crystal inter- 
face, defines a length that is less than the minimum size 
of the crystal end face, which must be sized to accom- 
modate the beams including some additional adjust- 
ment space denoted by the length d 2 . Stated differently, 
since the GRIN lenses 12a and 12b each have a diam- 
eter of d 1( and there is some adjustment/tuning space 
d 2 between the lenses 12a and 12b, the crystal must 
have a width sufficient to accommodate the sum of the 
lengths S=d 1 4d 1 +d 2 . Furthermore, as the length S 
increases due to particular design requirements for d 1 
or d 2 to increase, the overall length of the crystal l c must 
also increase. Conversely if the crystal is to be short- 
ened, for example half as long as it is in Fig. 1 , the avail- 
able space to place the lenses 12a and 12b becomes 
less. This is illustrated in Fig. 2 in a non-working embod- 
iment wherein the crystal length is \J2 and sufficient 
space to place the lenses 12a and 12b is not available, 
denoted by the lenses being overlapped in the figure. 
Hence the requirement to use lenses that will collimate 
light propagating through the crystal 10, places a con- 
straint on using a crystal that is sized to at least accom- 
modate two lenses or coliimated beams of light. 
[0020] In accordance with an aspect of this invention, 
and referring to Fig. 3a. a polarizing beam splitter/com- 
biner is shown having two waveguides in the form of 
optical fibres 16a and 16b directly coupled, using fibre 
tubes, not shown, to an end face of a small birefringent 



crystal 30. It should be particularly noted, that the size 
ol the crystal 30 required in the embodiment of Fig. 3a 
is approximately 1 /50 th the size of the crystal 10 
required in the conventional beam splitter shown in Fig. 

5 1 . Hence, the cost saving of manufacturing the device of 
Fig. 3a is significantly less than the device of shown in 
Fig. 1. Yet still further, only one lens is required in the 
first embodiment of the invention, compared with three 
lenses required in the prior art device shown in Fig. 1 . 

10 [0021] In Fig. 3a, an output optical waveguide in the 
form of an optical fibre is disposed a distance from the 
end face of the crystal 30. A lens 32 is disposed 
between the optical fibre 16c and the crystal 30 for cou- 
pling light between the optical f tores 16a and 16c and 

is between the optical fibres 1 6b and 1 6c. 

[0022] In this embodiment since the optical fibres 1 6a 
and 16b can be very close to one another, the size of 
the crystal 30 can be made very small, resulting in con- 
siderable cost savings. 

so Furthermore it becomes practicable to propagate 
beams from the fibres 16a and 16b through the crystal 
30 as uncollimated beams, and to couple these beams 
with the optical fibre 1 6c via a lens 32, only if the crystal 
is very short in length; it is apparent that the beam diam- 

25 eter propagating through the crystal increases as the 
length of the crystal increases. 
[0023] in operation, the device shown in Fig. 3a works 
in the following manner. As a beam splitter, light of 
unknown polarization is launched into optical fibre 16c, 

30 which functions as an input port. As the beam traverses 
the crystal 30 it separates into two beams. The o-ray 
polarized beam is directed by the crystal port 16a and 
the e-ray polarized light is directed to port 16b. Con- 
versely combining is performed in a same manner in an 

35 opposite direction. Since no lens is present between the 
f tores 16a, 16b and the crystal 30, light traversing the 
short length of the crystal is non-collimated. 
[0024] Currently, in many optical devices, lenses of 
various types are used to collimate a diverging light 

40 beam exiting an optical waveguide and to focus light 
that is launched into an optical waveguide so as to more 
efficiently couple the light. 

[0025] One of the most ubiquitous building blocks 
used in the design and manufacture of optical elements 

45 is the graded index (GRIN) lens. Lenses of this type are 
produced under the trade name "SELFOC"; the mark is 
registered in Japan and owned by the Nippon Sheet and 
Gass Co. Ltd. GRIN lenses in combination with other 
optical elements are used in the manufacture of WDM 

so devices, optical couplers, circulators, isolators, and 
other devices. The use of a GRIN lens in this invention 
provides a number of advantages over other conven- 
tional lenses, however does not limit the invention to 
only GRIN lenses. 

55 [0026] Advantages of GRIN lenses are that they are 
relatively inexpensive, compact, and furthermore have 
parallel flat end faces. In particular, the flat end face of 
the GRIN lens allows a single lens to be used as a 
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means of oollimating or focusing the light, and as well, 
as a means of tapping light reflected from the end face 
of the lens. 

[0027] Referring now to Fig. 3b a substantially quarter 
pitch GRIN lens is shown, with traces of three beams 
launched from three locations. 4tc, 41b, and 41a adja- 
cent an end face of the lens 42. The beam launched 
from location 41c is shown to be expanding and enter- 
ing the lens with a wider diameter than the other two 
beams launched from locations 41b and 41 a This also 
illustrates that when light is launched into the opposite 
end of the lens as a collimated beam, the focusing loca- 
tion^) of the beam is dependent upon the beam diame- 
ter. 

[0028] if light is to be efficiently coupled through a 
lens, such as a GRIN lens, it is preferred to launch a 
beam having a narrow diameter into the lens. Thus, in 
Fig. 3a, if the beam entering the lens 32 propagating 
toward the optical fibre 16c from one of 16a and/or 16b 
has a diameter that is too wide, some of the light enter- 
ing the periphery of the lens will not be efficiently cou- 
pled into the receiving end of the optical fibre 16c. 
[0029] Fig. 3d illustrates an alternative embodiment of 
the invention wherein the beam propagating from the 
optical fbre 16a toward 16c has a relatively small diam- 
eter, and wherein the diameter of the beam entering the 
lenses 42 is approximately half of the diameter of the 
beam entering the lens 42 in the arrangements shown 
in Fig. 3c or 3a. 

[0030] Turning now to Fig. 4a, a pair of quarter pitch 
GRIN lenses 1 10a and 110b are shown having their es- 
timating ends inwardly facing and their focusing ends 
outwardly facing. Two optical waveguides 111a and 
1 1 1b are shown coaxial with and coupled to the lenses 
along at the optical axis of the lenses 110a and 110b 
shown by a dotted line. A beam profile is also shown 
within the lenses 110a and 110b as if light was launched 
from one of the waveguides 1 1 1a and 1 1 1b to a respec- 
tive lens. It should be noted that the beam profile at the 
interface between the two lenses extends to a circum- 
ference about the lens indicated by points 12a and 12b, 
being two points on the circumference. 
[0031 ] Fig. 4b illustrates the same pair of GRIN lenses 
as in Fig. 4a, however the two optical waveguides 111a 
and 1 1 1b are shown to be offset a same optical dis- 
tance from the common optical axis of the lenses 1 10a 
and 110b. Here, the beam profile at the interface 
between the two lenses extends to the same circumfer- 
ence as in Rg. 4a, however the angle of the beam has 
varied. By ensuring that there is no separation between 
the two lenses, and that the optical waveguides are 
directly coupled with respective tenses, light is most 
effectively coupled from one waveguide 111a into the 
other 111b (or vice versa) when the waveguides are 
parallel to the common optical axis shared by the 
lenses. A similar arrangement is shown in Fig. 4c, 
wherein input/output waveguides 111a and 111b are 
disposed on opposite sides of the optical axis of the 



lens, from that in Fig. 4b. 

[0032] Referring now to Fig. 4d, the lenses shown in 
Fig. 4c are now spaced apart a fixed distance. The opti- 
cal axis of the waveguide 1 1 is shown to be parallel to 
5 the optical axis OA of the lens 1 10a. However, in order 
to efficiently couple light from the output waveguide 
111b, it must be non-parallel to the input waveguide 
1 1 1 a and at an angle q with respect to the optical axis of 
the lens 1 10b, dependent upon the amount of separa- 
te tion. Essentially as the separation increases between 
the two lenses, the output beam diverges from the opti- 
cal axis of lens 110b. 

[0033] In Fig. 4e the lenses 1 1 0a and 1 1 0b are shown 
having no gap between them, however, the input and 

75 output optical waveguides 1 1 1a and 1 1 1b are spaced 
from the end facet of the lenses they are optically cou- 
pled therewith. At a result of this gap, the light coupling 
into the optical ftore 1 1 1b is at an angle q and light does 
not couple efficiently into the waveguide. 

20 [0034] In accordance with an aspect of this invention, 
and as is shown in Fig 4f, light can efficiently be coupled 
from an input waveguide to an output waveguide that 
are both substantially parallel with an optical axis of one 
of the lenses 1 10a or 1 10b by ensuring that the spacing 

25 of the input waveguides and the spacing between adja- 
cent lenses is within a predetermined ratio. More partic- 
ularly, the lenses 110a and 110b shown in Fig. 4f are 
spaced an optical distance I3. The input waveguides 
111a and 11c are an optical distance h from the end 

30 face of the lens 1 1 0a. The output waveguides 1 1 1 b and 
11d are an optical distance l 2 from their adjacent lens 
110b. 

[0035] For optimum coupling to exist, and for the input 
and optical waveguides to have their optical axes paral- 

35 let with the optical axis of the coaxial lenses, the follow- 
ing relationship should exist: h * l 2 * 0.5 (3. 
[0036] Referring once again to Fig. 3d, two identical 
birefringent crystals 50a and 50b are shown wherein 
each is half the length of the crystal 30. Disposed 

40 between the crystals 50a and 50b are two substantially 
focusing lenses having their focus location a distance 
from their end faces, midway between the lenses 42. 
Waveguides 16a and 16b are coupled to an end of one 
of the crystals 50a and waveguide 16c is coupled to the 

45 crystal 50b. 

[0037] In operation, c-ray oriented light launched into 
port 16a is directed to port 16c across the device as in 
the previous embodiments and e-ray oriented light 
launched into oft 16b is directed to port 16c for combin- 

bo ing with the o-ray oriented light. However, since the 
crystal 42 is shorter than the crystal 30, the beam enter- 
ing the lens 42 adjacent 50a is much smaller and a pre- 
ferred portion of the lens 50a is used. Similarly the 
region about the periphery of the lens 50b is unused 

55 and optimum coupling is achieved from the port at 16a 
to 16c, and 16b to 16c. Here to achieve optimum cou- 
pling, di the distance from the ports to the nearest lens 
is twice the distance 2d 1 between the two lenses. 
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[0038] Although in the exemplary embodiments 
shown, the lenses are illustrated as having end faces 
that are orthogonal to the lens axis, in practice, the lens 
may be polished and slanted to reduce the affect of 
unwanted back reflections. 

[0039] Turning now to Fig. 9, a prior art optical atten- 
uator/switch is shown, having a first GRIN fens 51 asso- 
ciated with an input fibre 57, a second GRIN lens 55 
associated with an output fibre, a first wedge-shaped 
birefringent polarizer 52, a liquid crystal cell 50, and a 
second wedge-shaped birefringent polarizer 54. Trie 
ferrules holding the fibres 57 and 58 are not shown here 
but are shown in Fig. 10 as 51 and 58. Responsive to a 
control signal, the liqiid crystal cell 50 oontrollably 
rotates the light signals from the first GRIN lens 51. 
Depending on the resulting state of the liquid crystal cell 
50, the optical signal may or may not be transmitted to 
the output fibre 58. Of course the strength of the signal 
can also be adjusted so that the device operates as an 
attenuator. Fig. 10 illustrates the orientation of the vari- 
ous optical axes of the polarizers 52 and 54 and the liq- 
uid crystal cell 50 of Fig. 9. The optical axis of the first 
polarizer 52, is arranged in an arbitrary direction per- 
pendicular to the line of travel of the collimated light sig- 
nal from the first GRIN lens 51 . The optical axis of the 
second polarizer 54 is arranged so that it is rotated 90 
degrees from the optical axis of the firs polarizer 52 and 
perpendicular to the line of travel of the collimated light 
beam. When the cell 50 is turned on, the optical axis of 
the liquid crystal is 45 degrees from the optical axis of 
the first polarizer 52 and the cell 50 has a thickness 
such that there is is 180 degrees phase retardation of 
the light signal as it travels through the ceil 50. 
[0040] The operation of this prior art switch/attenuator 
is illustrated in Fig. 1 1 wherein the cell 50 is turned on 
so that the liquid crystals in the cell 50 are aligned. An 
incident beam 60 strikes the first birefringent polarizer 
51 and is split into the two polarization modes, one for 
the extraordinary ray and the other for the ordinary ray. 
With the liquid crystal cell 50 turned on, the light signal 
is rotated 90 degrees. In other words, the extraordinary 
light ray is polarized along the extraordinary axis of the 
polarized 51. 

[0041] As was discussed in the background of this 
invention, this prior art configuration has several draw- 
backs, resiiting in increased cost of the device; these 
are, the requirement of two crystals, the thickness of the 
crystals required in the embodiments shown, wherein 
collimated beams propagate through these crystals. 
[0042] Referring now to Fig. 5, a preferred embodi- 
ment of this invention is shown, wherein a lens 105 is 
disposed between a polarization rotator 132 and a small 
birefringent crystal 130. The polarization rotator 132 
can be of any type such as a Faraday rotator wherein 
the polarization state of light propagating therethrough 
can be controllably changed, for example by varying a 
voltage or current to vary the field about the rotator 1 32. 
Alternatively a lithium-niobate crystal can be used with 



a controllable field applied to vary the refractive index, 
which in turn will vary the phase of the light propagating 
therethrough, or yet alternatively a liquid crystal can be 
used as is described above. Adjacent to the polarization 
5 rotator 1 32 is a deflecting element in the form of a mirror 
136 disposed to deflect collimated incident light 
launched into the input port 1 10a, in a backwards direc- 
tion to the output port 1 10b. If the polarization state of 
light propagating through the polarization rotator is not 
w varied, essentially all of the light launched into the input 
port 1 10a will couple into the output port 1 10b. As the 
polarization state is changed by applying an appropriate 
control signal to the rotator 132 to rotate the light propa- 
gating therethrough, the reflecting beam will only par- 
rs tially couple into the output port 110b. By accurately 
controlling the amount of rotation provided by the rotator 
132, the degree of attenuation can be accurately con- 
trolled. For optimum coupling it is preferable if the dis- 
tance from the ports to the input/focusing face of the 
20 lens 105 is equal to the distance from the output/colli- 
mating end face of the lens to the mirror 136. 
[0043] Embodiments of the invention shown in Figs. 6 
to 8 rely on providing a lens at an input end of the device 
between the input/output ports and a crystal. Although 
25 these embodiments are less preferable than the embod- 
iment shown in Fig. 5. they do offer a significant advan- 
tage over prior art attenuators as only one crystal is 
required. Providing two large matched crystals substan- 
tially adds to the cost of an attenuator. 
30 [0044] Turning now to Fig. 6, an attenuator is shown 
having an input and an output port 110a and 110b 
respectively, adjacent a collimating substantially quarter 
pitch GRIN lens 105. Next to the lens 105 is a birefrin- 
gent crystal 140, sized to receive a collimating beam 
35 and to separate the beam into two orthogonal polarized 
beams. A rotator 132 positioned to receive light from the 
crystal and a deflecting element in the form of a partially 
transmissive deflector 146 is disposed to route an 
incoming beam launched into port 1 10a in a substan- 
ce tially backwards toward the output port 1 1 0b. A monitor 
in the form of a detector 141 is disposed to detect the 
small portion of light that leaked through the partially 
transmissive deflector. Advantageously, by providing 
this folded conf iguration, only a single crystal is required 
45 for separating an incoming beam into two beams, and in 
an opposite direction for combining the two beams into 
a single beam. 

[0045] Fig. 7 shows a similar embodiment wherein two 
smaller GRIN lenses 105a and 105b are used in place 

so of a single larger GRIN lens. The attenuator is shown 
having an input port 111a and an output port and 111b 
adjacent a collimating substantially quarter pitch GRIN 
lens 105a and 105b. Adjacent the lenses 105a and 
105b is a birefringent crystal 140. sized to receive a cd- 

55 limating beam from the lens 105a and to separate the 
beam into two orthogonal polarized beams. A rotator 
132 is disposed to receive light from the crystal and a 
reflecting means in the form of a corner cube 146 is 
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adjacent the rotator and routes an incoming beam 
launched into port 111a in a substantially backwards 
direction toward the output port 111b. Advantageously, 
by providing this folded configuration, only a single crys- 
tal is required, used in one cfi rection for separating an 
incoming beam into two beams, and in an opposite 
direction for combining the two beams into a single 
beam. 

10046] The embodiment depicted in Fig. 8 is similar in 
many respects to the embodiment of Rg. 7, however a 
mirror 146 is used instead of a corner cube. In order to 
ensure that the light launched into an end of the input 
lens 105a is optically aligned with the output lens 105b, 
light is launched into a port at the lens end face that is 
offset from the optica) axis of the lens 105a. 
[0047] In all of the embodiments of the optical attenu- 
ator described heretofore, in accordance with this inven- 
tion, light is launched into an end of the device and is 
received at a same end of the device. Deflectors such 
as mirrors, reflectors, and corner cubes can be used to 
provide a folded configuration. A further advantage can 
be realized by providing a configuration wherein an 
uncollimated beam of light is launched into a small rela- 
tively thin crystal prior to collimation of the light. 
[0048] In summary, the advantages of the structure 
according to this invention are numerous. Smaller and 
fewer components are required and hence the device is 
considerably less expensive to manufacture. Further- 
more, the device can be smaller than prior art devices 
that perform a polarization combining or splitting func- 
tion. 

[0049] Of course, numerous other embodiments may 
be envisaged, without departing from the spirit and 
scope of the invention. 

Claims 

1 . An optical attenuator comprising : 

an input optical waveguide and an output opti- 
cal waveguide, ends of the waveguides being 
optically aligned such that at least a portion of 
light launched into the input waveguide is 
directed to the output waveguide; 
a deflecting element for deflecting light incident 
thereon that has been launched into the input 
waveguide in a substantially opposite direction 
toward the output waveguide; 
a birefringent crystal disposed between the 
deflecting element and the input and output 
waveguides for splitting an input beam into a 
first beam of a first polarization and a second 
beam of a second orthogonal polarization; 
controllable polarization rotator for selectively 
rotating the polarization of light passing there- 
through; and, 

lens means disposed between the optical 
waveguides and the deflecting means. 



2. An optical attenuator as defined in claim 1 , wherein 
the deflecting element is partially transmissive and 
wherein the optical attenuator further includes a 
detector adjacent the deflector for detecting light 

5 that has transmitted through the deflecting element. 

3. An optical attenuator as defined in claim 1 , wherein 
the lens means is disposed between the birefrin- 
gent crystal and the polarization rotator for directing 

10 uncollimated light through the birefringent crystal 
and for focusing light at an end face of the reflective 
element. 

4. An optical attenuator as defined in claim 1 . wherein 
15 the input and output waveguides are at a same end 

of the attenuator. 

5. An optical attenuator as defined in claim 1, wherein 
the input and output waveguides are optical fibres 

20 and wherein the (ens means is disposed between 
the reflective element and the birefringent crystal 
for receiving uncollimated orthogonal polarized 
beams of light from the input optical waveguide that 
have propagated through the birefringent crystal. 

25 

6. An optical attenuator comprising: 

an input waveguide and an output waveguide; 
a lens having a substantially collimating end 
30 face and a substantially focusing end face; 

a birefringent crystal coupled with the lens for 
separating or combining orthogonal polarized 
beams of light; 

a deflector for directing an incident beam 
35 launched into the input waveguide toward the 

output waveguide, the input and output 
waveguides adjacent the lens for launching 
light to the lens or for receiving light from the 
lens, the waveguides each having ends sepa- 
40 rated a nearest end of the lens by an optical 

distance of approximately d 1( an optical dis- 
tance between the substantially collimating end 
face of the lens and the deflector being di, 
wherein d 1 > 0; and, 
43 a polarization rotator disposed between the 

birefringent crystal and the deflector for rotat- 
ing the polarization of light passing there- 
through. 

so 7. An optical attenuator as defined in claim 6 further 
including tapping means for tapping and detecting a 
portion of light that has leaked through the deflec- 
tor. 

55 8. The optical attenuator as defined in claim 1. 
wherein light launched into the input waveguide 
passes through the birefringent crystal prior to 
passing through the lens. 
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9. An optical attenuator comprising: 

an input port and an output port at a first end of 
the device; 

a lens having a substantially coBimating end s 
face and a substantially focusing end face; 
a birefringent crystal coupled with the lens for 
separating or combining orthogonal polarized 
beams of light, the birefringent crystal being 
disposed adjacent to the input and output ports 10 
to receive uncollimated light from the input 
port; 

a deflector for directing an incident beam 
launched into the input waveguide toward the 
output port, the input and output ports adjacent is 
the lens for launching light to the lens or for 
receiving light from the lens, the ports sepa- 
rated a nearest end of the lens by an optical 
distance of approximately d 1( an optical dis- 
tance between the substantially collimating end 20 
face of the lens and the deflector being d1, 
whe r ein d 1 > 0; and, 

a polarization rotator disposed between the 
birefringent crystal and the reflective surface, 
for rotating the polarization of light passing 25 
therethrough. 
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Fig. 3a 



9 



EP0 959 375 A2 




BNSDOCIP' <EP _0959375A2_1 .> 



10 



EP 0 959 375 A2 




11 



EP0959375A2 




EP0 959 375 A2 




13 



EP 0 959 375 A2 




14 



EP 0 959 375 A2 




Fig. 11 
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